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Structured Abstract  
 
Purpose: The purpose of the paper is to develop a framework for evaluation of accessibility 
for knowledge based cities.  
 
 
Design/methodology/approach: This approach notifies common mistakes and 
problems in accessibility assessment for knowledge cities.  
 
 
Originality/value: Accessibility plays a key role in transport sustainability and 
recognizes the crucial links between transport and sustainable goals like air quality, 
environmental resource consumption & social equity.  In knowledge cities, accessibility has 
significant effects on quality of life and social equity by improving the mobility of people and 
goods. Accessibility also influences patterns of growth and economic health by providing 
access to land. Accessibility is not only one of the components of knowledge cities but also 
affects other elements of knowledge cities directly or indirectly. 
 
Practical implications: The outcomes of the application will be helpful for developing 
particular methodologies for evaluating knowledge cities. On other words, this methodology 
attempts to develop an assessment procedure for examining accessibility of knowledge-based 
cities.  
 
 
Keywords: Accessibility, Knowledge- based cities’ accessibility, knowledge base urban 
development, Accessibility assessment for knowledge-based cities. 
 
Paper type: Academic Research Paper 
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1.  Introduction 
The knowledge city (KC) concept has become an attractive notion because it relates to 
interests in regional development policies, and emphasises the development and 
progression of technologies and socio-economic activities (Oh, 2002). KCs play a 
fundamental role in knowledge creation, economic growth and urban development.  
Edvinsson (2003) describes KC as a city that is firmly designed to encourage the 
development of knowledge. The notion of KC is interchangeable to a certain degree with 
similar evolving concepts such as ‘knowledge-based clusters’ (Arbonies and Moso, 
2002), ‘ideopolis’ (Garcia, 2004) or ‘technopolis’ (Smilor et al., 1988).  
 
As societies become increasingly knowledge-based, the character of city development 
transforms because activities in the knowledge sector are becoming more important and 
they need conditions and environments which are very different from those required by 
service- based manufacturing activities in the production sector (Knight, 1995). Literature 
indicates the importance of essential conditions for cities to change their position towards 
KC in various developments levels and scales (Van Winden et al., 2007; Yigitcanlar et 
al., 2007). Even though prior research regarding KCs refers to about three decades ago 
(Ryser, 1994; Knight, 1995) and a number of cities have had a strong association with 
knowledge development concept, recently, most cities around the world have started 
giving direct attention to knowledge based urban development (KBUD) (Carrillo, 2004; 
Ovalle et al., 2004). 
 
One of the undeniable components of this development is accessibility. Accessibility is 
one of the most important factors for KBUD and increasing accessibility helps to develop 
knowledge-based cities. In this regard, evaluation of accessibility for knowledge cities is 
one of the key difficulties in assessment of KBUD. This paper attempts to find the 
problems in evaluation of accessibility as a KC component and proposes a framework for 
this assessment.  
 
2. Sustainable transport and knowledge-based urban 
development 
Rapid urbanisation and its immense effects on the environment have raised the 
importance of urban sustainability, and the necessity of reviewing urban transport plans in 
the knowledge era (Yigitcanlar et al., 2008). One of the important issues in life quality of 
cities is related to sustainable transport of cities. Sustainable transport should guarantee 
environmental consideration in development. One of these environmental considerations 
is the modal shift from private automobiles to public transport. Automobile dependence 
associated with urban sprawl has resulted in a series of problems in terms of economic, 
environmental, social equity, quality of life and human liveability (Newman and 
Kenworthy in Kwok & Yeh, 2004). Hence, a sustainable transport system should balance 
short- and long-term requirements for the environment, economic growth, and community 
(Heanue & Petty, 1998). In this regard, accessibility is a key element in transport 
sustainability. Accessibility ‘appears central to overcoming the current friction among 
major environmental issues, social aspiration and economic imperatives’ (Bertolini, 
2005). Current knowledge developments tend to increase mobility. However, high-quality 
mobility does not guarantee high-quality of accessibility and increases the environmental 
impacts of transport. This tendency decreases the quality of life and social equity of cities. 
Therefore, improving accessibility has a key effect on knowledge-based urban 
development. 
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3. Knowledge city concept 
The theory of the KC is very extensive and may refer to all aspects of social, economic, 
and cultural life of a city (Ergazakis et al., 2006). According to Ergazakis et al. (2004), ‘A 
KC is a city that aims at a knowledge-based development, by encouraging the continuous 
creation, sharing, evaluation, renewal and up-to-date knowledge’. 
 
One of the more frequently cited definitions of a KC is explained by Edvinsson (2003), in 
which he mentions that a KC is a city that is designed to encourage the development of 
knowledge. According to Amidon (2005), the aim of a KC (she uses the term Knowledge 
Zone) is to create and realize value from the flow of knowledge. One of the latest and 
most detailed definitions is contained in the conference announcement for the 2nd 
International Symposium on Knowledge Cities (2007):  
‘A KC is the one that depends on Knowledge-Based Economy and possesses advanced 
means for facilitating knowledge to its citizens, who should be linked to the cities through 
communication and information technology; the one that provides a wide range of public 
libraries and educational, cultural and social facilities guided by a central strategy of 
education; and it is the city that respects the diversified cultures of its citizens and 
provides them with adequate know-how and tools that enable them [to] participate 
effectively in establishing the knowledge community’. 
 
The term KC has entered into knowledge management, urban planning, economic 
development, transportation and other disciplines. It refers to urban areas that are 
intentionally designed and governed to facilitate the creation and flow of knowledge for 
sustainable development (Merrick, 2009). 
KC can be seen as an umbrella concept for geographical entities, which focuses on 
knowledge creation, and covers knowledge spaces such as ‘knowledge precincts / 
corridors / villages / regions’ (Dvir & Pasher, 2004). The KC is an emerging, 
interdisciplinary focus of study that encompasses knowledge management, urban 
planning and design, information and communication technology, public policy, 
economic development, and other disciplines (Merrick, 2009). 
 
In this regard, knowledge-based development concentrates on strategies and alternative 
methods for generating urban ‘centres of excellence’, development successful 
infrastructure, providing generalized access, and reducing side effects on urban 
development (Nagy, 2001). 
 
3.1.  Knowledge city components 
Literature review reveals that KC has different components. While it is recognised that 
every KC is different, and requires diverse knowledge qualities to grow, there are a 
number of consistent qualities that generally characterise a KC (Yigitcanlar et al., 2008). 
For example, the major characteristics of a KC in the case of the ‘Strategic Plan of the 
Cultural Sector’ Barcelona City (2003) has been listed as accessibility, cutting edge 
technology, innovation, cultural facilities and services and quality education as well as 
world class economic opportunities. Similarly, Van Winden and others (2007) improve 
Barcelona’s KC elements and provide a framework of characteristics for the structure of 
KC. The components which have been considered in a KC are: 
 
 Knowledge base 
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 Industrial structure 
 Quality of life and urban amenities 
 Urban diversity 
 Accessibility 
 Social equity 
 
1. The knowledge base: This component shows the universities, polytechnics and other 
public and private R&D activities in the urban region (knowledge infrastructure), as well 
as the educational status of the people. Several research efforts have revealed a link 
between these infrastructure elements and different aspects of urban development. For 
example, Matthiessen et al. (2002) analysed 40 cities which shows that knowledge 
infrastructure has impact on the economic life of a city and urban growth. However, as 
the interaction between universities and the business sector is not defined properly in 
many cities, this potential remains inactive. A key challenge for authorities is considering 
regional business sectors in the research and education centres. Another challenge is to 
counter the knowledge infrastructures which can cause many complexities. Large urban 
areas typically have a number of universities that work independently and may have some 
overlaps in terms of educational and research programmes. Also, many studies suggest 
that cities with a many share workers with tertiary education show better performance 
generally (van Winden et al., 2007; Glaeser, 2000; and Simon, 1998). 
 
2. The industrial structure: This component deeply effects on the urban knowledge 
economy. Cities with a weak industrial structure have many interrelated difficulties (van 
Winden et al., 2007; Turok and Edge, 1999; Cheshire and Gordon, 1995). Based on 
comparing regions with a healthier economic base, it is extremely difficult to retain or 
attract knowledge intensive companies. Many evaluation methods for industrial structures 
have been proposed. As the contemporary evaluations for this component, it is suggested 
to consider the degree of specialisation. Small and medium-sized urban regions tend to be 
more specialised than large metropolitan areas (Henderson, 1997). However, some larger 
urban regions are also relatively specialised—for instance, Frankfurt (finance), Helsinki 
(ICT)—whereas other regions reliable on a broader variety of sectors (van Winden et al., 
2007). 
 
3. Accessibility: This component is required for a city to obtain, generate and use 
knowledge effectively for greater economic and social development. The knowledge 
economy in cities is a networked economy (van Winden et al., 2007). Simmie (2002) 
argues that international contacts and network conducted by face-to-face contacts. These 
connections are facilitated by international airports and they are critical factors for 
international knowledge transfers. Also, proper accessibility provides appropriate 
connection between knowledge and industrial bases. Successful cities should manage 
environmentally-friendly accessibility for all urban residents. Therefore, proper 
international, regional and multimodal accessibility is crucial for successful knowledge 
cities. For smaller cities, the lack of international transports can be a significant barrier to 
economic development (van Winden et al., 2007) while for greater ones the regional 
accessibility plays key role on knowledge cities.   
 
4. Quality of life: The quality of urban life has crucial importance in knowledge cities 
(Florida, 2002). Quality of life refers ‘‘to the more or less ‘good’ or ‘satisfactory’ 
character of people’s life’’ (Szalai, 1980). Quality of life, ‘the liveability of a region’, 
commonly includes such indicators as the standard and variety of facilities, education and 
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community services, climate, environmental quality, housing affordability, crime level, 
and transportation access (Van den Berg et al. , 2004).  In this regard, Van Winden & et 
al. (2007) described the characteristics of life quality as an attractive built environment, 
high-quality houses, attractive city parks, clean air, a variety of cultural institutions, and 
also high-quality hospitals and (international) schools.  These indicators do not include 
more traditional considerations such as the quantity, quality and housing affordability 
(Berry, 2005; Franke and Verhagen, 2005). In this regard, accessibility to urban facilities 
can be defined as one of the quality of life dimensions as well as can improve the quality 
of an urban environment and affects convenience of residents.  
 
5. Urban diversity: Diversity covers various ranges of the person (e.g. gender), the 
community (e.g. ethnicity) and the place (e.g. the architecture of the urban fabric) (Van 
den Berg et al., 2004). Diversity is defined in a cosmopolitism atmosphere, accepting of 
foreigners and opening channels for the communication/exchange of knowledge (Florida, 
2002). On the other hand, of course, diversity can raise social tension and conflict (e.g. 
between the resident culture and an unaccepted ethnic minority) (Carvalho, 2006). 
 
6. Social equity: Social equity is one of the significant aspects for sustainable urban 
development. Current economic growth tends to increase the gap between social classes, 
which leads to a dual economy of knowledge workers and a growing underclass 
(Carvalho, 2006). Consequently, this economic policies increase social tensions and 
conflicts (Van den Berg et al., 2004). On the other hand, from the perspective of 
sustainable growth, it is important to reduce poverty and inequality. Social equity cannot 
be limited to urban economy, this concept has broad concept in other urban dimensions. 
The effects of urban public facilities on social equity have been discussed during the past 
two decades (Smith 1994; Erkip 1997; Ogryczak 2000; Tsou et al. 2005). Accessibility is 
undeniable indicator for social equity (Talen 1998).  One of the factors of social equity is 
related to transportation equity. Although high-quality mobility represents a proper 
condition to access urban amenities and services, it may not represent social equity.  The 
urban facilities may not be shared out equally among the individuals and the social groups 
or does not reflect the same quality everywhere in relation to the resources used and the 
constraints which limit their use (Colleoni, 2007). Therefore, accessibility plays critical 
role in knowledge base urban development through social equity. Also, improving social 
equity has a constructive effect on the quality of life in the cities. Figure 1 shows KC’s 
components theirs interactions. 
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                Components of KC                              Progress towards a 
                                                                                  knowledge­based city 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: KC framework of analysis (Van Winden et al. ,2007) 
 
 
Due to the influence of accessibility directly and indirectly on KC, increasing 
accessibility has become the key subject in knowledge-based urban developments. The 
first step to improve accessibility in support of knowledge-based development is to define 
a framework for accessibility measurement. The next section explains the accessibility, its 
components and measuring methods briefly. 
 
4. Defining Accessibility  
Accessibility definitions become very important from this fact that ‘different accessibility 
measures often show different approaches to accessibility’ (Makri & Folkesson, 1999). 
Accessibility is defined and operationalised in several ways, and therefore has taken on a 
range of meanings. These include such well-known definitions as ‘the potential of 
opportunities for interaction’ (Hansen, 1959), ‘the ease with which any land-use activity 
can be reached from a location using a particular transport system’ (Dalvi & Martin, 
1976), ‘the freedom of individuals to decide whether or not to participate in different 
activities’ (Burns, 1979) and ‘the benefits provided by a transport/land-use system’ (Ben-
Akiva & Lerman, 1985). 
 
Very roughly, accessibility has been defined as ‘a measure of an individual’s freedom to 
participate in activities in the environment’ (Weibull, 1980). According to the recent 
explanations accessibility is ‘a measure or indicator of the performance of transport 
systems in serving individuals living in a community’ (El-Geneidy & Levinson, 2006). 
The concept of accessibility can be intuitively grasped and it makes the interaction 
between the land-use and transport systems detectable (Bertolini, 2005). 
 
Knowledge base 
Industrial structure 
Accessibility 
Quality of life 
Social equity 
Urban Diversity 
Development of 
human capital 
Development of 
knowledge - based 
industries 
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Moreover, the concept of accessibility spans a variety of aspects such as the physical, 
mental, economic and financial (Doi et al., 2008). In addition, accessibility also 
guarantees to be a useful tool for monitoring the land use and transport system, and 
assessing the benefits of proposed changes to land use or networks (El-Geneidy et al., 
2008). Weinbull (1980) has pointed out that accessibility can be defined as a multi-faced 
notion that finally centres on an individuals’ ability to conduct activities within a given 
environment. 
 
4.1. Accessibility components 
Accessibility involves a large number of complex and interacting relationships that are 
often difficult to quantify and analyse (Pirie, 1979; Pooler, 1987). Many factors affect 
accessibility, including people’s transport needs and abilities, the quality and affordability 
of transport options, the degree to which various links and modes are connected, land use 
patterns, and the quality of mobility substitutes (Litman, 2007).  
 
On the other hand, although there are many different measures of accessibility that vary in 
terms of details, there are two common aspects in most definitions of accessibilities: the 
first is the attractiveness and the second is the impedance functions. The attractiveness 
(land use component) is usually measured as the number of opportunities at destinations. 
For example, when measuring accessibility to jobs, the attraction value can be the number 
of jobs at the various potential destinations, while for shopping centres this can be the 
number of shops in the centre. The impedance function consists of a measure of the 
transport system, such as travel time or travel distance (Cerda, 2009).  Moreover, these 
functions describe the probability of being attracted to such destinations based on distance 
or travel time (El-Geneidy & Levinson, 2006). 
 
Two other aspects that often are considered in accessibility measures are the temporal and 
individual components. However, this study found that current accessibility definitions 
tend to neglect the effect of the urban pattern. The urban form and structure can define 
artificial barriers for the accessibility of residents. Current accessibility measurements 
have a tendency to ignore the direct and indirect effect of street networks on accessibility 
estimations. Hence, from these aspects and the different definitions, five components of 
accessibility can be described as following: 
 
1. The land-use component representing the land-use system, including (a) the 
amount, quality and spatial distribution opportunities (jobs, shops, health, social 
and recreational facilities, etc.), and (b) the demand for these opportunities at 
origin locations (e.g. where inhabitants live), (c) the confrontation of supply of 
and demand for opportunities, which may cause competition for activities with 
restricted capacity such as job and school vacancies and hospital beds (Geurs  & 
van Wee,2004). These opportunities can be weighted to account for their 
attractiveness or for the competition effect (Cerda, 2009).   
 
2. The transport component describes the transport system, expressed as the 
sensitivity of individuals to the distance between an origin and a destination 
using a specific transport mode; included are the amount of time (travel, waiting 
and parking), costs (fixed and variable) and effort (including reliability, level of 
comfort, accident risk, etc.). ‘The supply of infrastructure includes its location 
and characteristics (e.g. maximum travel speed, number of lanes, public 
transport timetables and travel costs). The demand relates to both passenger and 
freight travel (Geurs & van Wee, 2004). 
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3. The temporal component represents ‘very basically by calculating accessibility 
within a predetermined travel-time or for a specific time of day (e.g. the morning 
peak)’ (Cerda, 2009) or describes the temporal constraints, i.e. the availability of 
opportunities at different times of the day, and the time available for individuals 
to participate in certain activities (e.g. work, recreation). 
 
4. The individual component reflects the needs (depending on age, gender, 
educational level, household situation, etc.), abilities (depending on individual’s 
physical condition, availability of travel modes, etc.) and opportunities 
(depending on individual’s income, travel budget, educational level, etc.) of 
individuals. These characteristics influence a person’s level of access to transport 
modes and spatially distributed opportunities and may strongly influence the 
total aggregate accessibility result (Cervero et al., 1997; Shen, 1998; Geurs and 
Ritsema van Eck, 2003).  
 
5. The urban form and structure component reflects natural and artificial 
network barriers including gradients, network convenience (including lighting, 
pavement condition and network crossing) and form of city. This component 
causes a diminishing effect on accessibility by walking to stations or destinations 
and discourages individuals from walking or using public transit to reach 
opportunities.  
 
 
4.2. Accessibility Measurements 
Since definition of accessibility concept, different measurements have been developed 
over the past five decades, which are various in terms of approach and methodology. 
However, in that accessibility measures did not focus on forecasting development, but 
rather on explaining the effects of different urban or regional land-use systems on social 
and economic interaction (Geertman & van Eck, 1995). All of the studied measures of 
accessibility possess similarities, which are observed using both visual and statistical 
methods (El-Geneidy & Levinson, 2006). These measurements can be broadly grouped 
into six main types that are introduced in the following. 
 
4.2.1.    Distance measures 
Distance measures are the simplest accessibility measurement, counting the distance from 
one location to different opportunities. It can be measured as average distance, weighted 
area distance, or distance to the closest opportunity. The estimation of these distances can 
be performed in several ways, from simple straight-line distances to more complicated 
impedance formulations. Measuring accessibility by average distance estimates either the 
average distance to one destination from all departure points in the area, or the opposite, 
the average distance to all destinations from one departure point or zone. The attraction of 
the destinations is not included in this measure. 
 
4.2.2. Cumulative Opportunity Measures 
The cumulative opportunity measure is one of the simplest accessibility measures to 
calculate and one of the earliest to have been developed (Wachs & Kumagai, 1973). 
Cumulative opportunity measures typically describe the number of opportunities that can 
be reached within a certain time, distance or cost. For example, the numbers of jobs 
within 30 minutes travel time from a residential area by certain modes. There are three 
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main types of cumulative opportunity measures: fixed impedances (time, distance or 
cost), fixed opportunities, and fixed population. Fixed impedance describes the number of 
opportunities within a certain time, distance or cost limit. Fixed opportunities expresses 
the average or total impedance (measured in cost, time or distance units) required to 
access a specified number of opportunities while fixed population describes the average 
population available within various fixed travel impedances. 
 
 
 
4.2.3. Gravity-Based Measures 
Gravity-based measures (also called potential accessibility measures) derive from the 
denominator of the gravity model for trip distribution (Geertman and van Eck, 1995; 
Sonesson, 1998). Gravity-based measures were first devised by Hanson (1959), and have 
since been widely used. They are obtained by weighting opportunities in an area with a 
measure indicating their attraction and discounting them by impedance measure (Makri & 
Folkesson, 1999). The differences between various studies of this accessibility model are 
about utilising functional forms that measure the cost to move between origin and 
destination and how opportunities are calculated (El-Geneidy & Levinson, 2006). 
 
4.2.4. Utility-Based Measures  
Utility-based measures are based on random utility theory, in which the probability of an 
individual making a particular choice is relative to the utility of all choices (Handy & 
Niemeier 1997, Makri & Folkesson, 1999).  Utility-based measures take into account the 
attributes of each choice and the socioeconomic characteristics of the individual or 
household (in addition to the opportunities available at different destinations and the 
travel cost of reaching them) (Envall, 2007). The utility-based measure is the most 
complex and data-intensive of the location-based accessibility measures. It was developed 
in order to provide a solid theoretical basis for the concept of accessibility and it is 
directly linked to economic theory and adheres to travel behaviour theories (Ben-Akiva & 
Lerman, 1979). 
 
4.2.5. Space-time measures 
The theory of space-time measures also known as people-based measures first proposed 
by Hagerstrand (1970) and further elaborated by Lenntorp (1976). The space-time 
measure accounts for the spatial and temporal dimensions of participating in a given 
activity. This means that activities take place at a given location at a given time, for a 
specific duration (Miller, 1991). Space-time measures express the feasibility of 
opportunities to an individual using the volumes of the space-time prism as indicators of 
accessibility. The transport system determines travel speeds and network constraints 
which affect the amount of time available to participate in activities at dispersed locations 
(Miller, 1999). 
 
4.2.6. Place Rank Measure 
Place rank is an accessibility measure that requires the knowledge of actual choices of 
origins and destinations. The place rank measure is inspired from a methodology 
developed by Brin and Page (1998) that is applied in ranking web pages for large scale 
search engines. Web pages are ranked according to the links connecting to them, which in 
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turn are valued according to their host’s rank. This translates into an accessibility measure 
that ranks each location based on the number of people commuting to it to reach an 
opportunity; each person’s contribution is ranked according to the attractiveness of their 
origin zone as a final destination. This measure is based on the flows between origins and 
destinations and it accounts for the number of opportunities that an individual foregoes in 
a zone to reach an opportunity in another zone. The power of the contribution of this 
person depends on the attractiveness of his zone of origin (El-Geneidy & Levinson, 
2006). 
 
5. Framework for accessibility evaluation  in support of KC 
Although accessibility is one the main components of the KC notion, current KC 
evaluations do not assess the effects of accessibility on knowledge-based development 
accurately. These assessments suffer from different weaknesses. These problems are 
clarified in the next subsections. 
 
5.1. Appropriate destinations  
Current KC concepts focus on airport destinations and neglect the effect of accessibility 
to other opportunities. In small cities, accessibility to international airports can be 
significant for economic and social development. In contrast, in metropolitan cities 
accessibility to airports cannot show the degree of knowledge-based development while 
accessibility to other opportunities has a great impact on city development. Clearly, 
considering the limited destinations (the KC’s opportunities) provides inaccurate 
accessibility estimations.  The issue of choosing proper destinations for evaluation of KC 
interrelates with many socio-economic criteria. According to the KC components this 
study proposes to include polytechnics and other public and private R&D activities for 
estimation the accessibility in the region. It also, suggests considering the accessibility to 
industrial and knowledge based companies with different degrees of specialisation in this 
evaluation. This disaggregation in computing accessibility will enhance the precision of 
knowledge-based evaluations especially in metropolitan regions. Disaggregation will be 
helpful to consider the demand and supply of destinations in the proposed methodology. 
 
 Additionally, considering the affects of digital and non physical accessibility may have 
influence on the result of this evaluation. Nevertheless to prevent complexity, most 
studies propose to estimate face to face connections in KC evaluations. 
 
5.2. Travel modes  
Multimodal accessibility is critical for successful knowledge cities. Accessibility by 
different travel modes not also increases social equity in the region but can also increase 
quality of life by providing sustainable transport. Therefore, in computing accessibility 
for KC evaluations the effect of multimodal accessibility should be considered. Also, in 
terms of social equity this evaluation should consider the availability of travel modes for 
different types of city residents. 
 
5.3. Appropriate indicators  
Current accessibility measurements often fail to incorporate all effective components and 
their various indicators. ‘They generally focus on impacts that are easy to measure at the 
expense of those that more difficult to measure’ and commonly involve very limiting 
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assumptions (Breheny, 1978). Furthermore, some indicators are so over-simplified that 
they are misguided, while others are so complex that they are difficult to calculate 
(Lyborg, 2000). 
In the current methodologies, enhancing the accuracy of models by incorporating more 
indicators changes the models from practical tools to theoretical techniques. 
    
Another problem in selecting appropriate indicators is the interaction between indicators. 
Most models eliminate the interacting indicators instead of solving the problem. In some 
cases these indicators are highly correlated with each other and ignoring one of them 
causes factual error in the results of the model. Although relevant research reveals that no 
firm framework for identifying appropriate accessibility indicators for KC evaluation has 
been found, accurate evaluations need to involve effective indicators of accessibility 
components to provide true estimations. 
 
 
5.4. Measuring method  
One of the problems of current accessibility models in evaluation of KC is related to 
measuring methods. A review of these models reveals that current methodologies have 
three main difficulties.  First, most of these models cannot practically consider all 
accessibility components in their methodology. Accurate methodologies should have a 
propensity towards disaggregation and complex representations of accessibility (Makri, 
2001). Second, reviewing current accessibility methodologies shows that these models do 
not provide the opportunity for calibrating all the applied indicators. Third, there is on-
going discussion among researchers about whether it is better to apply a more quantitative 
or a more qualitative approach for characterising accessibility. According to Handy and 
Niemeier (1997) it is possible to combine quantitative measures with qualitative 
evaluations, in order to obtain a fuller understanding of accessibility characteristics. 
Reviewing the different model methodologies reveals that, although applying qualitative 
indicators increases the accuracy of the models, finding operational methodology is still 
difficult. According to the fact that by KC relies on components with several qualitative 
indicators, finding proper accessibility models for evaluation this concept is very difficult. 
 
 
5.5. Weighting the indicators 
Measuring impedance and attractiveness of indicators is a significant issue in estimation 
of knowledge-based cities’ accessibility. This problem occurs in simple models, as well 
as complicated models. Different methods for calculating these indicators which have 
fundamental differences from one methodology to another exist. Different approaches call 
for different solutions to calculate the impedance and attractiveness of indicators. Handy 
and Niemeier (1997) claim that the potential of destinations has to be evaluated for each 
characteristic. Consequently, in evaluation of knowledge-based development, different 
attractiveness levels for different R&D activities should be defined. 
 
Measuring impedance functions faces many challenges. Although different accessibility 
estimations propose different methods for computing the impedance functions, they tend 
to apply a single function for different opportunities. Due to the different characteristics 
of opportunities in the KC concept, this approach can cause accessibility miscalculations 
for KC evaluations. Figure 2 shows the proposed process of accessibility estimations for 
the KC concept. 
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Figure 2: Proposed framework of accessibility estimation for 
Knowledge Cities  
 
According to Figure 2, the first step for accessibility evolution of knowledge cities is 
selecting appropriate destinations (opportunities). This selection has a great effect on the 
result of accessibility for comparison of cities according to the KC concept. After this 
selection, the effective indicators according to the selected opportunities should be 
considered. As Figure 2 shows, the process of selecting and calibrating indicators and 
selecting an appropriate model is a trial and error procedure. According to the limitations 
of accessibility models, considering all effective indicators in this evaluation is not 
possible. However, choosing the proper model can include more effective indicators in 
accessibility estimations for knowledge cities. 
 
6. Conclusion 
This paper has focused on defining a framework for estimating accessibility as a 
component of KC. It argues that accessibility plays a great role as one of the KC 
Selecting proper opportunities 
Selecting appropriate indicators 
Selecting appropriate modelling 
methodology 
Calibrating the indicators
Finding accurate 
results 
Calculating accessibility for 
different modes of transport 
Testing result of methodology: 
sensitivity analysis,... 
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components. In addition, accessibility affects other components of KC including quality 
of life and social equity. 
 
Accurate estimation of accessibility is critical for KBUD evaluation. Planners apply 
different measurement methods for accessibility measurement which have differences in 
terms of indicators and methodology. It seems that a standard measuring method for all 
situations is impossible. With respect to the current modelling methods, each particular 
methodology should be considered for a particular circumstance. In small cities, 
accessibility to airports, main high-tech industrial and knowledge institutes can show 
KBUD in terms of accessibility, while in metropolitan regions accessibility to different 
knowledge bases should be computed. 
 
It is perhaps not surprising that increasing accessibility can improve the quality of life and 
social equity in urban districts. Therefore, accessibility directly and indirectly has an 
effect on knowledge-based development. This study revealed that accessibility estimating 
for knowledge cities should consider five main fundamentals: selecting appropriate 
destinations, estimating accessibility for different travel modes, applying appropriate 
indicators, selecting suitable measuring method and weighting the indicators. In a 
nutshell, the paper has shown that accessibility estimations are not straight forward 
procedures and they need to apply trial and error approaches. 
 
As further research, it is possible to develop a particular accessibility model for KC 
evaluation by consideration of the proposed framework in each circumstance. The 
resulting improvement is achievable by considering all accessibility aspects of KBUD in 
this new model.  
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